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(57) Abstract: The present invention is diiected to a contact 
lens design and methods of mann&ctaring, fitting and osing 
sndi lenses. As an example, the contact lens may be designed 
to be used in an orthokeratology trertment progranL The contact 
lens according Id the invention oveioomes the deficiencies of 
the prior art, and provides a design which allows proper fitting 
of a patient, whether for corrective contact lenses or for use in 
an orthokeratology treatment progrant The ability to properly 
fit a patient will alleviate, at least to a great degree, corneal 
abrasions fiom poorly distributed bearing, corneal warpage from 
decenteied lenses, edema for tight fitting lenses and discomfort 
Tbe design allows a great deal of fkxibiliQr to the fitter to 
enhance the functionality of the lens. The lens of the present 
invention includes a central zone and first annular zone located 
adjacent to and concentrically around the central zone. The two 
zones are integral with each other and the radius of curvature 
of the first annular or connecting wot is greater than that of the 
central zone. In addition, such a des^ provides a vast amount 
of alternative methods of manu&ctmc; and lifts Ibe constraint of 
requiring the origin of tfie radius of cnratn^te for tfie first annular 
zone corve lo reside on the central ads of the central base curve 
or zone. 
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CONTACT LENS AND METHODS OF MANDFACTUKE 

Tftnhniral Field 

Hiis inventicm relates to contact lenses and mefliods of manufectuie, as well as 
orthokeratology mefliods for reslu5)ing the oomea of an eye to treat visual acratjr 
deficioicies. The invention furflier relates to methods of deagning such lenses. 

Background of the Invention 

In the treatawit of visual acuity deficiencies, oonection by means of ey^jlasses or 
contact lenses are used by a large percentage of the population. Sudi defidewaes i^lude 
patients having hyperopia or being fer-sigjited, myopia or near-sighted patiaitB as well as 
astigmatismscausedbyasymmetiyofthepatient'seiye. More recently, to alleviate the 
burden of wearing eyeglasses and/or contact lenses* surgical techniques havebeen 
developed for altering the sh^e of Ihe patiait's cornea in an attempt to conect reftactive 
errors of the eye. Such surgical techniques include photo refractive keratectoniy (PRK), 
LASIK (laser m-atn keratectomy), as well as procedures such as automated lamellar 
keratectomy (MX) or o1h«s. These procedures are intended to surgically modify the 
curvature of die cornea to reduce or elimmate visual defects. The popularity of such 
techniques has increased greatly, but still canies the risk in bofli &e procedure itself as 
well as post surgical comphcations. 

An alternative to peraianent surgical procedures to alter the shape of thc.comea 
include orthokeratology, where a contact lens is qjplied to the eye to alter the diape or 
curvature of Ihe cornea by compression of Ae comeal siorfece imparted by the lens. The 
resht5)ing of the cornea in orthokeratology has been practiced for many years, but 
typically has required an extensive period of time to reshape the cornea. It is also typical 
of orthokeratology treatment plans that the laises used for resh£5)ing of the oomea be 
custom designed and manufectured, thereby greatly increasing the cost and conaplicating 
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the general use of such procedures. Further, orthokeratology lenses typically have 
various delBciencies, particularly relating to properly designing a lens for a particular 
patient to achieve best results in the treatment process. For correction of myopia, the 
design of prior orthokwatology lenses have tyjacally included a base curve at the central 
portion of the lais for imparting resh^ing pressure to fbe cornea. An ammlar zone 
adjacent the base curve, having a curvature bang steq)a: (shorto: radius) than iBat 
curvature of flie base curve, is provided to transition to a peripheral curve used to 
fiicilitate centering the lens. This design is refened to as a ^^verse geometry'* contact^ 
lens. These curves were designed to have coaxial geom^, with the ori^ of eadi curve 
maintained on a cenbal axis. The reverse geometry is provided to fecilitatecomfittt in 
wearing the lens, and to promote tear flow and oxygai transmission to fte ceatcal cornea 
under the base curve. The use of a first annular 2one about the base curve with a steeper 
curvature allows the lens surface to be brought into a position near the sur&ce of flie 
cornea in tiiis region. 6om flie flatto: central base curve. The use of a steq)er curvature m 
the first annular zone creates desigii problems in matohing the base curve and poipheral 
curve of the lens, to provide desired reshaping as well as tear flow. 

Another defidency of prior orflio-K lemes is found in the complexity of flie 
designs, which exaceAate the fitting problems maitioned previously. In flie fitting 
process, if thae is an aspect of the leos design, whidi is not properly fitted for the desired 
treatmoit of the patient's eye, or causes excessive discomfort to the patioi^ the las must 
be redesigned accordingly. Unfortunately, in an attenqrt to redesign a lens, a practitioner 
may affect oflier aspects of the lens due to the interdq>endency between design features. 
It would be worfliwhile to provide an ortho-K lens having mdependent features, wbich 
could be easify modified if required to attain a proper fit in a simpler and more cost- 
effective process. 
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Summary of the Invention 

In accordance with the present invention, a corneal contact 1^ is disclosed ^wfaich 
is useM in changing the radius of curvature and slu^ of the myopic cornea into the 
desired configuration necessary for normal vision. Ibe lens of the present invention 
includes a central zone and first aimular zone located adjacot to and conceottically 
around the central zone. The two zones are integral with eadi other and the radius of 
curvature ofthe first amular or comiecting zone is greater tiian that of the cen^ It 
was discovered that such a corneal contact lens shap& is usefiil in changing the sha;^ o^ 
the myopic cornea to tfiat of a nonmally sh^ed cornea, hi addition, such a design 
provides a vast amount of alternative metiiods of manufacture, and lifts the constraint of 
requking the origm of the radius of curvature for the first annular zone curve to redde on 
the central axis of the central base curve or zone. 

As a feature of the present invention, the corneal contact lens may also include 
one or more peripheral zones, which are located concentrically around and integral with 
tiie first annular zone. Theperipheralzonehasaradiiis of curvature, which is greater 
than or equal to the radius of curvature of the central zone. In addition, the various 
dimrasions of the lenses are designed to promote desired changes in the shape of the 
myopic cornea* 

Brief Descaiption of the Description of tiie Drawings 
FIG. 1 is a cross-sectional, elevational view of a contact lens depicting tiie 
locations of the central zone, first annular zone, and peripheral zone. 

FIG. 2 is an illustration of the curvatures of both the central base curve and the 
second annular or reverse zone curve associated witii an ortbokeratologic contact lens. 

Detailed Description of the Invention 
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A preferred corneal contact leas in accordance with an embodiment of the present 
invention is shown generally at 10 m Fia 1. The lens 10 includes a central zone 12, at 
least a first annular or connecting zone 14, and at least one peripheral zxme 16. The 
overall dimoisions of flie lens 10 are wifliin the normal ranges for corneal contact laises. 
The outside diameter of the lens 10 is typically betwe^i 5 to 20 millimeters wifli other 
diameters bdng possible. The lens may have a lateral or cross-sectional thickness of 
between about 0.05 millimeters to 10 millimeters. Thicknesses in ibc range of 0.05 to 0.5 
millimetezs are pref med. 

In the example shown in Fig. 1, flie surfiu^e has a first curvature, which may be 
spherical and defined as having a radius of curvature. Alternatively, the central zone 1 2 
could be aspherical, tone, or comprised of a combination of annular spherical and/or 
aspherical zones. In the embodiment shown, the radius of curvature of the central zone 
12 may be chosen based upon characteristics of apatients eye for which the lens 10 is 
being designed, and particularly related to the amount of correction required. The central 
zone 12 may have a radius of curvature of between about 4 to 20 millimeters. The 
diameter of the central zone 12 may be between about 2-12 millimeters. Prefened ranges 
for the radius of curvature and diameter are 7 to 10 millimeters and 4 to 12 millimeters, 
respectively. The base curve provided on the posterior surface of central zone 12, 
although shown as spherical, may be aspherical as mentioned above, to impart the desired 
shape to tiie cornea for correction of visual defects such as astigmatism or presbyopia. In 
graeral, the radius of curvature of the posterior surfece of cmtral zone 12 is equivalent to 
tiie desired post treatment radius of curvature for the cornea that is undergpmg reshaping, 
l^pically, an orthokeratology contact lens is to be fitted such that pressures verted upon 
tiie lens during lens wear are transmitted to flie cornea, with the comeal tissue undo^lying 
the portion of the lens applying pressure being effectively redistributed in a desired 



wo 02/29446 PCT/USOl/30899 
manner. For example, the caitral zone 12 could be designed to correct myopia or 
presbyopia by resliq)ing the cornea, or designed to correct myopia or presbyopia without 
contacting the cornea, depending again on the characteristics of the patient's esye. The 
redistribution of corneal tissue causes the cornea to temporarily take on Ihe radius of 
curvature of flie posterior surfece of central zone 12 to provide correction of visual 
defects based iQ)on the present topogr^hy of the patirat's comea. The intended effect of 
the lens 1 Oniay be to q)hericize the q)icd corneal cq) and estabUsh anew radfois of 
curvatare for it The cOTtral zone 12 maybe configured to exert s^^^ , / 

resh2q>ing of the cornea. 

The first annular zone or connecting zone 14 is integral with and adjacent to the 
central zone 1 2 in that the Icts 1 0 may be machined or molded fiom a smgHe piece of 
plastic. The first amular zone 14 forms a ring around the central zone 12. The radial 
ttiickness of the first annular zone 14 may be between about ,2 to 10 miUimetera. The 
first annular zone has a second curvature, which also may be spherical and defined by a 
radius of curvature. The radius of curvature of the first annular zone 14 maybe between 
about 0.1 to 25 millimeters. The preferred ranges are firom 0.2 to 5 millimeters for the 
radial thickness and 7 to 1 5 millimeters for flie radius of curvature. Altemativdy, the first 
aimular zone 14 could be asphorical, toric, or comprised of a combination of annular 
spherical and/or a^haical zones. 

The second curvature of the first annular zone 14 is designed to be fiatto: than the 
first curvature of fiie central zone 12. In flie embodiment shown, the radius of curvature of 
the annular zone 14 is greater than the radius of curvature for the central zone 12. The 
second curyi^ is preferabty not coaxial with the central zone 12. The first annular 
zone 1 4, having a flatter curvature, helps position the lens centrally on the cornea and 
enhances lens wearing comfcat The use of a flatter curvature also allows transitioning 
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between the central zone 12 and peripheral zone 16 in an independent manner, Hiereby 
facilitating design of Ihe lens. As the curvature of the aimular zone 14 is not coaxial with 
the curvature of the central zone 12, the curve 14 may be independently designed to meet 
the edge point of the central zone 12, and also to meet a second point in space, cocrelating 
to the desired beginning point of the at least one peripheral curve 16. A designer thus has 
control over both points of connection between the central zone 12 and peripheral zone 
16, allowing more effective and simplified design or redesign activities. The design of 
the annular zone 14 thus aUows a desigper to adjust the curvature while coonectingat^ 
desired location, to allow adequate tearVolume in Has region. 

Further, the latml thidmess of die first aimular zone 14 can be designed lobe less 
than or more than that of the central zone 12. This increases the flexibility of the lens 
design to achieve desired charact^stics. 

The at least one peripheral zone 16 is also integral with the cenliai zone 12 and 
first annular zone 14 in that it is also preferably machined or molded firxnn the same piece 
of polymer material. More than one peripheral zone 16 may be provided if desired. The 
peripheral zone 16 may be formed with a third curvature, and could be formed with zero 
curvature, or could be spherical, aspherical or toric, or consprised of a combination of 
annular spherical and/or aspherical zones if desired* In the embodiment shown, the 
periph^ zone 16 is formed as a spherical sur&ce defined by a radius of curvature^ 
which may be betweoi about 4 to 20 millimeters. The radial width of the ring defined by 
the poipheral zone 16 may be between about 0.2 to 12 millimetm. Theprefecred ranges 
are 8 to lSmillimet^fortfaeradiusofcurvatureandO.S to6millimet^ 
thickness. The annularzone curvature may also not be coaxial with-&e curvature of 
central zone 12. Preferably, the radius of curvature for die peripheral zone 16 will be 
greater fiian the radius of curvature for the ccataL zone. 
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The 1ms 10 can be made according to any of the knovm madbining or moldiqg 
processes, which allow variable radii of curvature lenses to be formed. Hie preferred 
procedure is to machine the lens fix>m buttons or disks as is commonly known. The 
materials used in inaking the lens 1 0 can be any of the conventional polymas used in 
oxygen pOTieable hard, semi-hard and soft hydro gd comeal contact lenses. These 
mat^ials include a variety of silicone and fluorine substituted acrylates and the soft hydro 
gel or silicone lens material used in contact Irases. If desired, the fliree zones 12, 14, and 
16 can be made from the same Iras rtiaterial or diSeaxat lens materials. ^ 

FIG. 2 refers to an iUustration of &e curvatures utilized in an or^ 
contact lens. The present invention includes a central base curve 12 and is shown wifli a 
Ime segment that is referred to as the lens' central axis 30. This central axis 30 begms at 
the apex 32 of the central base curve 12 and terminates at point 34 and serves as a 
referencepoint for the center of the contact lens 10. Tlie line segment that is bounded by 
points 32 and 34 defines the radius of curvature 33 associated with the cmtral base curve 
12. Orthokeratology contact leiises use a flatter cOTtral base curve than th^ 
patient's cornea. Using conventional manufacturing processes with the curvatures of 
these zones being coaxial, the first annular zone must have a radius of curvature less flian 
that of tiie cGitral base curve 12 in order to bring the central base curve surfece of the 
ortfaokoatology contact las back toward flie sur&ce of the cornea. This feet is illustrated 
by &e radius of curvature defined by tiie straight line distance between points 38 andflie 
^ex 40 of reverse zone curve 42 which is less than the radius of curvature 33 of central 
base curve 12. The typical revase curve geometry is confined to designing lenses that 
use curves for the first annular or reverse zone 14 that have their origin of curvature 
located on the central axis 30 of the central base curve 12. Sudi a constraint is not placed 
on the leas design accordiiig to the present invention. Ilius, the finst annular zone 14 may 
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be embodied by a first annular curve 44 that does not have its origm of curvature located 
on the central axis 30 of the central base curve 12. In addition, the radius of curvature of 
this off-axis reverse zone curve 44 can have a radius of curvature that is greater than the 
ladius of curvature of cmtral base curve 12. 
5 Furthermore, the central base curve 12, and first annular curve 44 which is 

comprised of a larger radius of curvature than ftat of central base curve 12, can be 
coimected together at the same point in space 48 as would a central base curve 12 in ttie 
typical reverse geometry lens, with the first amnilar curve 42 having a smaller radius df 
curvature tiian the central curve 12. The lens design according to the invention provides 
10 CThanced flexibility and ofiFeis flie opportunity to expeaad the overall effectiveness of 
using contact lenses to treat and correct visioiL 
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Claims 

What is claimed is: 

1. A corneal contact Icts comprising: 
a central zone having a £rst curvature; 

at least a first aonular zone located concentrically around said central zone, said 
first aimular zone being integral with said central zone and having second 
curvature, whmin the origin of said first curvature and flie origin of said second 
curvature are not coaxiaL ./ 

2. The contact lens accordiiig to claim 1, wherein sdd second curvature 
first annular zone is flatter than said first curvature of said cmtral zone. 

3. The contact lens accordmg to claim 1, wh^iein said second curvature of said 
first amular zone has less curvature than said first curvature of said central zone. 
4.. The contact lens according to claim 1, fiirther comprising at least a second 
annular zone located concentrically around said first aimular zone. 

5. The contact lens according to claim 1, wherein said central zone has a radius 
of curvature and said first annular zone has a radius of curvature, wherdn said 
central zone radius of curvature is greater than said first annular zone radius of 
curvature. 

6. A corneal contact lens comprising: 

a central curve having a first curvature, and a central curve origin; 
at least a first annular curve located concentrically around said central curve, said 
first annular curve being integral with said central curve and having a second 
curvature, and an annular curve origin, i^erein said central curve origin and said 
annular curve origin are not coaxial. 
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7. A corneal contact lens comprising: 

a central curve having a central curve radios of curvature, 

at least a first annular curve located concentrically around said central curve, said 

first annular curve being integral with saidceatral curve and having a first annular 

curve radius of curvature;, wherein said radius of curvature of said first annular 

2X)ne is greater than said radius of curvatme of said central zonei 
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